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SUMhMARY

The technologies of cratering, ground motions and non-linear

structural response have been brought together to develop and

apply a simplified methodology for analyzing the response of

structures in the grossly-deforming crater-margin environment.

The effort has resulted in initial steps towards identifying and

quantifying major kill mechanisms in this combined effects

environment.

DEFINITION OF NEAR-CRATER ENVIRONMENT

Numerical cratering solutions provide the only current means
for complete description of the dynamic environment near craters.

They provide stress and displacement histories of the near-

crater environment which can be used to evaluate the vulner-

ability of structures.

EXperimental data primarily consist of permanent dis-

placements from sarid columns. HE data has been reviewed and

correlated with scaled slant range in different tests and media.

Data scatter is very large, about a factor of four in weak soils.

The detailed definition of the free-field crater environ-

ment from a recently completed numerical calculation of the

MIDDLE GUST III HE event has been used in the current investi-

gation. The peak compressive stress contours for MIDDLE GUST III

show an impoitant characteristic of this layered geology, namely

the rapid attenuation which occurs in the more dissipative

shallow soil layers above the rock layers. Thus, shallow-buried

m-----1
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structures may be rubjected to a less severe direct-induced

stress environment than deeper structures in the rock layers.

Also, a sharp displacement gradient occurs at the soil/rock

interface.

VULNERABILITY OF STRUCTURES NEAR CRATERS

Simplified soil/structure interaction methods have been

developed to evaluate the response of structures in the

near-crater environment. These techniques are used to examine

the separate effects of peak ground shock, dynamic ground shock

gradient and cratering flow displacement.

Failure due to Peak Ground Shock:

A finite-element soil/structure analysis was used to

evaluate the relationship between free-field stress and
soil/structure interface stress. Given this relationship, static

collapse analysis was used to determine structural vulnerability

due to ground shock.

In the MIDDLE GUST III near-surface wet geology, the peak

interface stress was found to be essentially the same as the peak

free-field stress. Thus, the predicted collapse contours for
typical structural cross-sections are determined using the peak

ground shock pressure.

Failure due to Dynamic Ground Shock Gradient:

The early-time bending response of structures is excited by

the temporal and spatial gradient of the ground shock along the

structure length. A finite-element analysis of soil/structure

2
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interaction showed that structures are initially accelerated with

the free-field ground shock motion. Thus, the free-field ground

shock motion was used to define the early-time dynamic loading on

the structure.

Ftnite-element beam (2-D plane stress) models were used to

evaluate the early-time bending response of vertical shelters and

silos placed in the simulated MIDDLE GUST III dynamic ground

shock gradient. The maximum predicted range for destruction of

these vertical structures are in the crater margin.

Failure due to Cratering Flow Displacement:

The late-time bending response of structures was evaluated

using a quasi-static finite-element beam analysis procedure with

non-linear soil springs to account for the soil/structure

interaction loads which occur during ciatering flow.

The response of shelters and silos was considered for the

MIDDLE GUST III geology (wet clay over weathered shale), using

the calculated free-field crater flow displacement. These

results show a substantial drop in peak bending stiess near the

crater edge and the significant effect of the clay/shale

interface.

CONCLUSIONS

Based on the results of this exploratory program the

. , following conclusions are drawn:

e Using simulated MIDDLE GUST III dynamic environment,
response of representative structures (MX-B shelter and
STP silo) at various ranges has been analyzed using

3



structural engineering models. These structures are
predicted to be destroyed out to the following maxiraum
ranges due to the dasmad effects of:

EInvirnnmnt (Failure) N zB

peak ground shock pressure 55 ft 50 ft
(crushing)

dynamic ground shock gradient 58 ft 50 ft
(plastic hinge)

late-time differential displacement 55 ft <30 ft
(plastic hinge)

These ranges are all in the crater margin where the
crater radius is at 55 ft.

* Distinct layering in the MIDDE GUST III geology
(probably typical of many target sites) substantially
affects structure vulnerability to dynamic ground shock
gradient and late-time differential displacement from
crater ing flow.

4 e Environment near nuclear craters will be more severe than
N. near HE craters, due to effects of 5-10 times higher peak

overpressure at crater radius. Thus, HE sources alone
(hemisphere of TNT or capped cylinder of ANFO) will not
simulate the combined environment effects near nuclear
craters.

e If test sites which are chosen have no strong reflective
interface at a relatively shallow depth, the near-crater
environment for model structures will probably not be as
severe as for full-scale structures near nuclear craters
in typical layered geologies.

* For structures testing, it would be desirable to select
sites with representative scaled layering, and to field
structure models both entirely within layers, and
extending between layers.
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PREFACE

This final report describes (primarily in briefing format)

an exploratory investigation of environment and response.

phenomena for buried target structures in crater margins. The

investigation was performed for the Defense Nuclear Agency 'DNA)

under Contract DNA001-80-C-0168. The DNA technical monitors were

Dr. Kent L. Goering and Maj. Myron E. Furbee.

The authors have received valuable assistance from many

discussions with D. L. Orphal, S. ichuster, M. H. Wagner and

Prof. R. B. Nelson. In addition, Y. Muki and F. W. Ross-Perry

provided assistance in the performance of the numerical

calculations.
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CONVERSION FACTORS

To Convert From To Metric (SI) Units ultiply By

degree (angle) radian (rad) 1.745 x 2 -2

foot meter (a) 3.048 x Z -1

inch metor (a) 2.540 x -2

pound-force (lbf avoirdupois) newton (y) 4.448

kip (1000 lbf) newton (N) 4.448 x Z -3

2pound-force/inch (psi) kilo pascal (kPa) 6.894

kip/inch2 (kesi) kilo pca sl (kPa) 6.994 in 1 -3

ton (t) megajoule (4j) 4.183 x E +3

kiloton (kt) negajoule (NJ) 4.193

A more complete listing of conversions may be found in "Metric Practice
Guide E 380-74", American Society for Testing Materials.
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SECTION 1

INTRODUCTION

1.1 BACKGROUND

Peak overpressure (APM) on the surface is widely used as
the kill criterion in targeting studle. This is because APmax
is applicable to both HOB and contact bursts, and Lecause it is
predictable with some confidence, and because it is largely
independent of target media. There are situations, however, in
which AP.. is overly conservative or even a misleading kill
criterion. In particular, to kill structures which are hardened
to withstand the effects of several thousand pat ovrpressures
may require such small miss distances for an airblast-only kill
that the structure will be within or very near the crater. In
such locations, other effects - notably direct ground shock and
cratering action - b6come substantial, if not overwhelming
factors in the structure kill.

Instinctively, one believes that any practical military
structure which is close enough to a burst-to be within the
actual crater or even in the grossly-deformed region immediately
surrounding that crater will be convincingly destroyed by the
severe combined effects of direct ground shock, airblast-induced
ground shock, and large local gradients in displacements. However,
in a recent near-surface burst test [1] have in which model
structures were buried near the expected edge of craters (i.e., in
the region we will refer to as the "crater margin'), the model
structures survived even though they were ejected from the crater.

13
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1.2 OBJECTIVES

The rather surprisirg results of these observations for

model structures near HE craters indicate a need for more

complete understanding of the response of buried structures near

craters. It is the overall objective of this investigation to

contribute to such understanding through:

e Definition of the nature of the dynamic environment
within the margins of craters formed by near-surface
bursts over various generic media, and

* Examination of the response and vulnerability of generic
structures in that environment.

1.3 APPROACH

Within this overall objective, the investigation consisted

of the following tasks:

.) Review of experimental data for model structures exposed
to the near-crater environment in HE tests-

2) Detailed definition of free-field dynamic crater
environments, starting with an HE event (MIDDLE GUST
11), using results of a recently-completed numerical
calculation on another contract (DNA001-80-C-0265).

3) Development of simplified methodology for defining
structure-media interactions in the grossly-deforming
near-crater environment.

4) Evaluation of response and vulnerability of represen-
tative buried structures exposed to near-crater
environment.

14



SECTION 2

OVERPRESSURE AT CPATER RADIUS

This section gives the peak overpressure at the crater

radius in various media and a comparison of simple-geometry

high-explosive (HE) and nuclear (NE) bursts. It is noted that

the environment near nuclear craters will be more severe than

near HE craters, due to effects of 5-10 times higher peak

overpressure at crater radius. Thus, simple-geometry HE sources

alone do not simulate the combined environment effects near

nuclear craters.
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SECTION 3

EXPERIMENTS WITH STRUCTURES NEAR CRATERS

Several high-explosive (HE) tests involving surface or

near-surface explosions have been conducted to obtain data on the

effects of nuclear weapons on various buried structures. Some of

these results have indicated that even the severe environment

within or near the edge of craters may not be sufficient to

produce assured destruction of some hardened targets. In a

recent test rl;, -qinforced concrete thin-walled box-type

structures located near the surface in silty clay did not

collapse, even though they were ejected from the crrter of a

buried charge.

This is perhaps an extreme example, and the military utility

of a target structure which has been tosed about and totally

disoriented is questionable, even though the integrity of the
shell may not have been totally violated. On the other hand,

such evidence raises doubts about any easy assumption in target-

ing studies that structures within craters are assuredly

destroyed. In addition, not all such structures necessarily

become part of the ejecta. Those especially which are in the
crater rim or which impinge into the crater (even substantial

distances) may not only survive but may also be only moderately

disoriented.

This section gives a summary of the key tests with

structures near craters. It is noted that most scaled-structure

models were not exposed to the severe deformation which occur

within craters.
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SECTION 4

DEFINITION OF NEAR-CRATER ENVIRONMENT

Numerical cratering solutions provide the only current means

for complete description of the dynamic environment near craters.

They provide stress and displacement histories of the near-crater

environment which can be used to evaluate the vulnerability of

structures.

Experimental data primarily consist of permanent displace-

ments tom sand columns. HE data has been reviewed and corre-

lated with scaled slant range in different tests and media. Data

scatter is very large, about a factor of four in weak soils.

The detailed definition of the fr_ e-field crater environ-

ment from a recently completed numerical calculation of the

NID Z OUST III HE event has been used in the current investiga-

tion. The peak compressive strese ,contours f or MIDLE GUST III

show an impoztant characteristic of this layered geology, namely

the rapid attenuation which occurs in the more dissipative

shallow layers. Shallow-buried structures may therefore be

subjected to a less severe environment than deeper structures in

this geology. Also, a sharp displacement gradient occurs near

the material interface,'.
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SECTION 5

RESPONSE AND VULNERABILITY OF STRUCTURES NEAR CRATERS

Simplified soil/structure interaction methods have been

developed to evaluate the response of structures in the near-

crater environment. These techniques are used to examine the

separate effects of peak ground shock, dynamic ground shock

gradiet.t and cratering flow displacement. Current vulnerability

analyses i.'volve the MIDDLE GUST III HE environment as defined by

recently completed numerizal simulation.

Failure due to Peak Ground Shock:

A finite-element soil/structure analysis was used to

evaluate the relationship between free-field stress and

soil/structure interface stress. Given this relationship, static

collapse analysis was used to determine structural vulnerability

due to ground shock.

In the MIDDLE GUST III near-surface wet geology, the peak

interface stress was found to be essentially the same as the peak

free-field stress. Thus, the predicted collapse contours for

typical structural cross-sections are determined using the peak

ground shock pressure.

Failure due to Dynamic Ground Shock Gradient:

The early-time bending reponse of structures is excited by

the temporal and spatial gradient of the ground shock along the

structure length. A finite-element analysis of soil/structure

in teraction showed that structures are initially accelerated with

61
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the free-field ground shock motion. Thus, the free-field ground

shock motion was used to define the early-t!Ae dynamic loading on

the structure.

Finite-element beam (2-D plane stress) models were used to

evaluate the early--time bending response of steel tilt gages,

NIX-B vertical shelters and STP silos placed in the simulated

MIDDLE GUST III dynamic ground shock gradient. The maximum

predicted range for destruction of these vertical structures are

in the crater margin. It should be noted that the numerical

results for the tilt gages are consistent with observed experi-

mental data.

Failure due to Cratering Flow Displacement:

The late-time bending response of structures was evaluated

using a quasi-static finite-element beam analysis procedure with

non-linear soil springs to account for the soil/structure inter-

action loads which occur during cratering flow.

The response of steel tilt gages, MX-B shelters and STP

silos was considered for the MIDDLE GUST III geology (wet clay

over weathered shale), using the calculated free-field crater

flow displacement. These results show a substantial drop in peak

bending stress near the crater edge and the significant effect of

the clay/shale interface.
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SECTION4 6

CONCLUSIONS AND RECOMHENDATIONS

Based on the results of this exploratory program, the

following conclusions and recommendations are drawn.
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